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SUMMARY

Flowcoefficientsofan intakevalve,seat,andportcombination
measuredundersteady-andintermittent-fl~wconditions.Tests
conductedat large(greaterthan2 in.I@)andsmall(leasthan
=) Pressure drws overan engfie-speedranm of 800t:’

3600rpm. Theresultsofthesetes~sindicatedt~at(1)steady-and
intermittent-flowcoefficientsincreaseslightlywithIncreasing
pressuredropsacrossthevalves,(2)theintermittent-flowcoeffi-
cientISapproximatelyequaltotheaveragesteady-flowooc+fficient.
atan enginespeedof ilOGr-pmbutd-ecreaseswith~ncreasi~engine
speedsabove80Grpm,and(3)theintermittent-fl.~wcoefficient
decreaseslesswithenginespeedwhenthepressuredropacrossthe““
valveislarge.It is cvncludedthatthecalculatedcyli&le-r-?-res-–
suresbasedonsteady-flowcoefficients:~btainedwithmall‘pz%ssure
dropsacrossthevalvemaybe inerrorwhenlargepreesuredifferences”””
existacrossthevalve,hutthatno.appreciableerrorshouldbe caused
by‘usingthosteady-flowcoefficientwhenthepressuredifference
acrosethevalveIssmall.

INTRODUCTION

Theeffectofvariationinthepressuredr,>pon thesteady-flow
coefficientofpop:)etvalveswasfirstinve~tigatedby Lucke(refer-
ence1),whofoundthatthecoefficientswerenearlyconstantfor
allpressuredro~s.Thisresultwas supportedby ,L6wisaidNutting
(reference2)andlaterby thoauthorsofr:ference3 whofound,
however,thatforcertainstreamlinedvalvesat l-wliftsthefl~w–
coefficientdecreaseswithincreasingpressuredrop,

Theeffectafvariationinthepressuredro~’ontheflowcoef-
ficientofpoppetvalvesunderintermitttint-flowconditionswasalso
investigatedinreference1 anditwasfoundthattheintermittent-
flowcoefficientwasnotindependentof thepressuredro~orffngine
speedbutno consistentvariationwasfound.Themethodusedin
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reference1 todeterminetheintermittent=flwcoefficientiasub-
~ectto inaccuraciesand,becauseofthemethodoftesting,Ltwas
impossibleto separatethespeedmd pressure-dropeffects,Later
teatsbyWaldron(reference4) indicatedthattheintermittent-flow
coefficientwasnotappreciablyaffectedbychangesinthepressure
drop, ..-

Theapplicationof steady-flowcoefficientsto theintermi.ttent-
flowconditionsinan enginewasalsoinvestigatedby Lucke(ref~-
ence1)anditwasconcludedthatthecoefficientsforstea~yand
intermittentflowwerenotthesame.Theresultsofreference4,
however,Indicatedthatflowcoefficientsobtainedundersteady-flow
conditionscanbe appliedto intmmittent-flcywconditionsforengine
speedsupto 2400rpm.

Thecylinderpressuresduringtheintakeandexhaust-strokes
canbemorereadilycalcu~tedifflowcoefficientsobtainedfrciu
steady-flowtestswithsmallpressuredropsacrossthevalvecanbe
used. Twoassumptionsmadeinthesecalculationsare: (1)theflow
coefficientofa poppetvalvedoesnotvarywiththepressuredrop
acroesthevalve; and(2)theflowcoefficientofa poppet-valve ~
determinedundersteady-flowconditionsisapplicableto the
intermittent-flowconditionsofcmgineoperat!,on.An investigation““
wasconductedat thoNACACleve.mdlaboratorytodeterminethe
validityoftheseassumptionsoveranengtne-speedrange& 800to
3600rpm.

-.
--- -. -.

ANIXLYSLS “
Thesteady-flowcoefffici.entofa valveendportiombinatlonis

defineiby
.

where .. ._..

C8 steady-flowcoefficient

Ma measuredflowrate(lb/see)

ME‘ ideal.flowrate(baseduponthencd,nalareaof-thevalve
@2/4),(lb/see) .-

Thenominalareaofthevalvemay,bebasedohanycharacteristic
diemetw D andinthisreportisbasedonthemqxtmm.vclvedlsm-
eter(2.00in”.}.The idealflowrate ME, ia independentoftho
valveIiftand,beoausetheactualflowrate Me varieswithlift,
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thesteady-flowcoefficientCe alsov~ieswithlift.Test~ta
areusuallypresentedintheformof Ce plottedagainstL/Dourves,
where L isthevalvelift.

Fornegligibleapproachvelocities,theidealflowratethrough
thevalveundersteady-flowconditionsforgasvelocitiesbelow
sonicisgivenby

where

A

Pa

g

7

R

Ta

APV

,.
characteristicvalvearea,(sqin.)

atmosphericpressme}(in.Hg absolute)

gravitationalacceleration,(ft/sec2)
,.

ratioof specificheats

gasqonstant,(ft-lb)/(lb)(OR)

atmospherictemperature,(%)

pressuredropacrossvalve,(in.Hg)

Forair 7 is1.40and
to

~2 pa

MS’ = o.793—
~

where n isthenumber

Whenequations(1)
ficientbecomes

R is53.3;therefore,’equfition(2)reduces

{-” ‘(,)-...:.

ofvalvesthroughwhichthegasflows.

and(3)arecombined,thesteady-flowcoef-

N@; - ““
C8 = (4)--
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S%ady-flowcoefficientscanbe plottedagainst=alvelift,
andmeasuredvaluesofvalv6liftcanbe plottedagainstcfank
angle. Thesetwocurvescanbe combintidtogivea curve.ofstesJ3Y-
flowcoefficientagainatcrankangle.Theaveragesteady-flow
coefficientisthendefined(reference5) astheaverageheightof
thiscurve,or

(5)

.- .—
where

csa averagesteady-flowcoefficient

e anycrankangle,(deg)

00 nunberofdegreesduringwhichvalveisopen

If’steady-flowcoefficientscanbeappliedto intermittenti-
flowccm.ditione,themeasuredair-flowratethroughthevalveson
thetee,tapparatusdurtigintermittentflowshouldeqwl.

Ml = cEahfE’co/720

where

(6)

.

Ml measuredflowratethroughvalvesunderIntermittent-flow
conditions,(lb/see)

6./720ratiooftimevalvesareopentototaltime
,—

Theintermittent-flowcoefficientC~ isdefinedby

c1 = M~/Mi‘ {7)

whereM~‘ IetheidealflowrateunderIntermittent-flowcondi-
tionsinpoundspersecond.Theidealflowrateisgivenby -

Ml‘=Ms’ eo/720 (8)

Wheneqlations(6),(7),and.(8)arecombined,itisfoundthat,if
_..-——

thesteady-flowcoefficientsofa valvemaybe appliedto *
intermittent-flowconditions,

c~ = Csa (9)

I
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In thisreport,thevalueof Csa isobtainedfromsteady-
flowtestsandthevalueof Ci isobtainedfrom.intermittent-
flowtests.Thevaluesarecomp=edandwhen”Ci ‘&d Csa are
foundequal,theeteady-flowcoefficientsareapplicableto
intermittent-flow:conditions. . ..

,.
. ..- .= ’------ . .. .. .... .. . ... .,
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Theapparatug”usgdinthesteady-an@’’int&”&~tt&t-flowtests
isshowndiagrammaticallyinfigure.1.~;lett gjlinderbankof
an in-lineenginewasmountedwiththeloverendof:c.yl~nder1
openingintoa surget-akthathada-”-volumeofappro-ximately32 cubic
feet. Theairflow“ttiotighthetwointake,valvesofthiscylinder
wasmeasuredby.orzftcesinstalleddownstreamofthe&rga tank
accordingtoA.$.M,E.’it”andardpractice.@ference.6)_. Theairflow
fromthesurge.tankwas’controlledby a ttiottlevalvebe~weenthe,>, ,.
orificerunsanda.conn~ctiontothe,la@orat@ryAfiawtsystem.A
roundedapproachto th~intakeportsreducedbntrbce“lossesofthe.,.
airflowingfromtheatmosphereto the“intake‘Valves.“ThePressm
dropacrossthe~al.veswasconsideredas tfie”dr~fibetweenthesurge
tankandtheatmosphere;Theexhaust-yalve.rockerarmsWre
removedandthe‘6Xhaustvalvesremafned,clo6&l’!$hr6@@utthe~~~ts~,..: ,. . .

Fortheeteady~flowtests,theintake-val~e-rockerarmstir:
removodfroncyl”iniier1 andtheintakevalve&”tierGdepressedto a
measuredliftby themlcrometerscrewsh~’,ifitheinsertoffigure1.
Air-flowratesweremeaeuredfora sor~eg”ofvblveliftsbetweenO.1O
and0.60inch~d ~ seriesof.prosqure,.tiop,s””betwe~~1 and11 inches
ofmercury.Pressuredropsabove.4:nchb@‘M mercurywarameasured‘“
by a mercury-in-glassmanometerandtbos~”bc>ow4 inchesofmercury
weremeasuredby a water-in-glassm“nomoter.‘“

Fortheintermittent-flowtests,”thp”intakevalvesof cylinder1
wereactuatedby thecamshaft,whichwaa&iv@n’ by a variable-epwd
direct-currentmotor.Thetestprocedureconsistedinoporatingthe
intakevalvesat some fixedenginespeedandmeasuringtheair-flow
ratethroughthevalvesforvariouspresstio.dropsacrossthevalves.
Becauseofthelargevolumeofthesurgotank,thoVressuredrcp
acrossthevalveromaincdossentia~lycotitantduringthelntmmit-
tentflowthroughthevalves.Testswere* at a--seriesofengine
speedsbetween800and3600rpmanda s&W8 of.pre~eurp,drojsbotwoon
1 and11 inchesofmercury.High-speedvalve~pringa.woreusedand
no incorrectvalvemoti6nwasobqervodw.ith.u”@roblosc@eat engine
speedsup to 3600rpm.

.. .-. .,”.- —-..-,-
,, , ..
,. ..
r..
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RESULTS

,. ... .
Steady-Flow‘Tests

Thechsngeinsteady-flowcoefficientwithpressuredropfor
variousvaluesof thevalveliftisgiveninfigure2. As shown,’
theflewcoefficientincrmseswithpressuredropforallvalve
liftsexceptthelowest(0.10in.).Thedecreasein steady-flow
coeffic,lentwithincreaseinpressuredropforthelowvalvelift
of O.lCIinchisnormalandsimilarbehaviorisreportedinrefer-
ence3. ““ “

Thechengeinsteady-flowcoefficientwithlift-diameter
ratioL/Disgiveninfigure3 fora pressuredropof 2 inchesof
mercury.Similarcurvescanbe obtainedforotherpressuredrops
fromthedatapresentedinfigure2. A unity-orificecurve,also
presentedinfigure3, indicatestheflowcoefficientthatwouldbe
obtainedifthevalve-flowcoefficient,basedontheactualvalve-
flowareaat eachvalvelift,wereunity.

—

.

*
Ii.ordertodeterminetheaveragevalueof thesteady-flow

coefficient,theintake-valveliftwasmeasuredatvariouscrank
snglesandisplottedM figure4. Fromthedatainfigures3 and
4,a curveof steady-flowcoefficimtisplottedagainstcrankangle
infigure5. ‘I!heaveragesteady-flowcoefficientCsa is then
obtainedbymeasuringtheaverageheightof thiscurve.Theaverage
flowcoefficientfora pressuredropof 2 inchesofmercuryis0.322,
whichis indicatedinfigure5. Averageflowcoefficientswere
obtainedforallthepressuredropsInvestigatedanda plot–ofaver-
ageflowcoefficientagainstpressuredropisgiveninfigure6. In
figure6,theaveragesteady-flowcoefficientincreases4.7percent
withan increaseinpressuredropfrom1 to11 inchesofmercuryfor
anupstreamairpressureof 29.12inchesofmercuryabsolute.

Intermittent-FlowTests

Thechangeinthemeasuredvalueoftheintermittent-flowcoef-
ficientCi withenginespeedforvariousvaluesof pressuredrop
isgivenin.figure7. Themeasuredvalueof Ci wascalculatedby
equations(3),(7),end(8)withvalu6sof Ma obtatiedunder
intermittent-flowconditions.As shownintheanalysis,steady-flow
coefficientsCs maybe appliedto intermittent-flowconditionsif
Ci equalsCsa. Thecomparisonof Ci”and C~a infigure7
Indicatesthat,forenginespeedsbelow800rpm,theaverageandthe
intermittent-flowcoefficientsareprobqblyequalbutthat,for

.—
. .

-.

.—
. .
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‘%&&: ap~ed&,a~o?e“%OQA,+,”th8;;interm$tjqt-,fl~C& fiiCientCi
islessthq.n.t~.,averqgea,$ea@.y-f~owi.coef@Ae@ ..!2Ea...I’@re 7
alsoind$ca~es%-@tj-&&r,.hi& .e~ine.speeds,%thei&ifferencebetween

,. cl fid.‘Csab greatenfor,,thti‘;lowf3rpressuredropsacrossthe
valye,.Forexample,at an.’enginespeed’of“3600‘~m,‘“Ct isapprox-
imately91peroentoT.C~.a,~”when‘t%e’prkbsuz%-.drop‘-acro~~”thevalve
is1 inchofmercury;whenthepressuredropis11 inc~es‘ofmercury,-
however,Ci isapproximately98percentof Csa.

Theintemlttent-fl&~c’m’f?~~ntcurvesoffigure7 arecom-
bined,ina singleplotgiveninfigure”8,.In thisfigureitwill
benot6dthattheintermittent’~flowcoeffi”c$entCi increaseswith
increaseinpressuredroptid’de’areaseawithincrease“inengine
speed..Themaximumvalueof Ci (enginespeed,800rpm;pressure
drop,11 in.Hg)isapproximately14,5pqrcentgreaterthanthe
minimumvalueof Ci (enginespeed,3600rpm;pressuredrop,
1 in.Hg).

.-
.“ DISCUS~ION

If steady-flowcoefficientsobtainedwithsmall”(lessthan
2 in.Hg)pressuredropsacrossthevalveareused.to ca~culakecyl-
inderpressuresduringtheintakeam exhauststrokes,theresults
ofthesetestsindicatethatthecalculationsmaybe inerrorwhen
thepressuredropaorossthevalveislarge(greaterthan.2in.Hg)
orwhenthepressuredropissmallandtheenginespeedishigh. In
bothcasestheerrorwillbe a smallpercentageofthe?-r~ssure@?op.
Therefore,forlargepressuredropstheerrorinabsolutevalueof
thecylinderpressuremaybe appreciablebutforsmallpressuredrops
theerrorwill be negligible,providedthatsufficienttimehas
elapsedto eliminateerrorsintroducedbj”thelargepress”uredrops
previouslyexistingacrossthevalve(buchas oacurduringthe
exhauststroke).‘

In orderto applytheresultsoftheseteststoenginecondi-
tions,theinstantaneousvalueoftheintermittent-flowcoefficient
isassumedtovarywithpressuredropandenginespeedinthesame
manneras theaveragevalueoftheintermittent-flowcoefficient,
It isalsoassumedthattheinstantaneousvalueofthej.ntermittent-
flowcoefficientdependsupontheinstantaneouspressuredropacross
thevalveandis independent’oftherateof changeofpressuredrop.

Fromtheresultsofthesetests>itisconcludedthattheflow
coefficientofa poppetvalveincrease’selightlywiththepressure
dropacrossthevalveexoeptat verylowvalveliftsandthatthe
accuracyofcylinder-pressureoaloulationsmightbe increasedif
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thisphenomenonistakenintoconsideration.It 1“s also concluded
thatsteady-flowcoefficientsobtainedwithlowpressuredrops
acrossthevalvecanbe appliedtotheintermittent-flowconditions
inan enginewithno-apprecfable,errorexcept”~rhapsWhenthe
pressuredropacrossthevalve”ie’la@ orihenthe’’pr6titiuiwdrop
i~smallbutsufficienttim6’has~-notekpse”at:c-efimitite”6rror~
introdu~edwhenlargepresstie”’drope”p’reviouslyexistedacroasthe
valve. .. .. ...,..- -. .,. -;. ---... -a._

!+. . .,, .-
.. ,“,

&Y:OFRESULZS . ,

Froman investigationofthe.steady-and-intermittent-flow
coefficientsofpoppetintakevalvesofa conventionalin-lineengine
overa :rengeofpressuredropsbetween1 and11 inchesofmercury
anda rangeofenginespeedsbetween800and.3600rpm,thefollowing
results-wereobtained:

..
1.Thesteady-flowcoefficientincreasedslightlywithpress~e

dropforallvalveliftsexceptthelowest-(0.10in.)a~hich lift
thecoe:~ficientdecreasedwithincreasingpressuredrop.

2.Theaveragesteady-flowcoefficientincreased4.7percent
withan increaeeinpressuredropfrom1 to 11 inchesofmercury
foran inletpressureo??29.12inchesofmercuryabsolute.

3.Trendsinthetest–dataindicat~thattheaverageste@dy-
flewcoefficientandtheintermtitent--flowcoef~icientwereapproxi-
matelyequalforenginespe.8ds.below800rpm. The intermittent-flow
coeffic:~ent-becameprogressivelylessthanthe~teady-floticoefficient
astheenginespeedincreasedabove800rpm.

, ,.~.
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,4.Thedifferencebetweentheaveragesteady-flowcoefficientand
theintwmtttent-flowcoefficientathighengines~edswe &rger
forthelow”preseuredrops.Forthelargestpressured%p (11in.Hg
atan inletpressureof’29.12in,Hg absolute)the.intertulttent-flow
coefficientwasonlyslightlylomr thantheaveragesteady-flow
coeffic:Lent.-

.—

—
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CONCLUSIONS ..

Fromananalysisoftheresultsof thesetests,itisconcluded
that:

~. ... . .:.4,-:,:.:.-:.-..-E---.,; .- .-
, .,. .

1.Thesteady-flowcoef~icientsobtainedwithlowmeasuredroDs

across,thevalvecanbe applied’tothe,fitemittent~fh~condition’
in,anenginewithno.a~reciableerrorin theabsolutsvalueofthe

,,L. .. —. .-,.., . ~q .=
.,.” —

-:~.=
— .—
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calculatedcylinderpressureexceptwhenthepressuredropacrossthe
valveislargeorwhentheprossumdropissmallbutsufficient
timehasnotelapsedto eliminateerrorsintroducedwhenla-~~prus-
suredropspreviouslyexistedacrossthevalve.

2.Theaccuracyof cylinder-pressurecalculationsmightbe
improvediftheIncreaseintheflowcoefficientwithincreased
pressuredropacrossthevalveistakenintoconsideration.
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